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@ Method of and system for predicting a colour reproduction image. 
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@ YMCK halftone dot percentage data from an image editor 12 are converted into color image data in an XYZ 
coiorimetric system with a common color space conversion table generated by a common color space 
conversion table generator 20. The color image data are converted Into a gamut mapping and appearance 
corresponding to an image monitor device 14A with a gamut mapping/appearance table generated by a gamut 
mapping/appearance generator 22. Then, the color image data are converted into color image data in a device 
color space of an image output unit 14A with a device color space conversion table generated by a device color 
space conversion table generator 24 for thereby predicting a color image which will be reproduced by the image 
output unit 14B. Alternatively, the YMCK halftone dot percentage data from the image editor 12 may be 
corrected using dot gain correcting coefficients established respectively for tristimulus values X, Y, 2, and then 
converted into color image data in the XYZ color space with a common color space conversion table. 
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BACKGROUND OF THE INVENTION 



Field of the Invention: 



6 The present invention relates to a method of and a system for predicting a reproduced color image by 

establishing a color space data conversion formula with printing conditions such as print paper, ink, etc. 
used as parameters, converting color image data into color space data for an image monitor device 
according to the established color space data conversion formula, and outputting the color space data to 
make it possible to predict colors easily and highly accurately. Description of the Related Art: 
70 In recent years, there have widely been used color printing systems for reading a color Image from an 

original document such as a photograph, a paint, or the like or processing color image data supplied from 
an image input device and either outputting a color Image as a hard copy from a printer, or printing a color 
image with a press plate. It is desirable to be able to display a color image of reproduced color tones on a 
cathode-ray tube (CRT) or the like irrespective of different output mediums and processing steps. 
75 A printed material is produced according to a number of processing steps. More specifically, color 
separation films of Y, M. C, K are generated on the basis of color image data supplied from an image input 
device, and presensitized plates- are exposed to color images through the color separation films. Then, the 
color images on the presensitized plates are developed, and the presensitized plates are set on a printing 
press to produce a printed material. The colors on the printed material which are finally produced depend 
20 on various printing conditions including the paper, inks, and water used, the type of the printing press, and 
the screen ruling and dot shape which are employed for the formation of dot-matrix images. 

In the field of printing industry which requires the above complex processing steps and conditions, 
there has been a demand for a predicting system which displays color image data processed as desired on 
a CRT. a color printer, or the like for the operator to confirm the final Image quality of a printing material 
25 displayed on the CRT or the like with high accuracy. 

One prior art system which meets the above demand is a system disclosed in U.S. patent No. 
4,500,919. The disclosed system comprises means for determining tristimulus appearance signals, which 
are of a common color data format, from a colored original document, means for effecting aesthetic 
correction on the tristimulus appearance signals, means for displaying a corrected color image based on the 
corrected tristimulus appearance signals, and means for selecting color materials for a hard copy to obtain 
reproduction signals which coiorimetrically match the displayed color image. A combination of color 
materials selected by the color material selecting means is printed, and the printed color materials are 
measured by a colorimeter. The reproduction signals are then corrected based on the measured data to 
achieve a match between the printed color image and the displayed color image. 

The above conventional system is. however, not suitable for use in applications where complex 
conditions are involved, such as in a process of producing a printed material. For producing a printed 
material, it is necessary to establish not only color materials, but also output conditions including the type of 
the support layer of a printed material, the number of colors to be printed, a K (black) printer quantity, and a 
screen ruling, and also printing press conditions including a printing order, a printing pressure, color 
40 material quantities, and a printing speed. It is not practical to effect measuring and correcting processes 
with respect to all these conditions for reproducing a color image highly accurately. 

Color ranges that can be reproduced by printing processes are narrow, and differ from printing 
conditions to printing conditions. Since the conversion from color image data to YMCK halftone dot 
percentage data depends on the operator and the equipment used for the conversion, it is highly difficult to 
45 make a common color data format, e.g.. tristimulus values of an XY2 colorlmetric system, correspond 
uniquely to YMCK halftone dot percentage data for printing. 

For producing a printed material, it is necessary to take a dot gain into account if a continuous- 
gradation image is to be formed on a support by area modulation. Specifically, the light reflected from an 
area-modulated image formed on a support varies depending on the material of the support and the 
50 characteristics of inks that are used to form the image. It is also known the reflected light varies depending 
on the screen ruling and dot shape of the area-modulated image. 

The applicant has found out that the dot gain varies depending on the wavelength of illuminating light 
which is used to determine and specify the colors of a print. Specifically, prints that are printed with the 
same color materials exhibit a different dot gain depending on the color representing coordinates that are 
55 measured. The dot gain also depends on the ratio of an area which is printed in another color. For example, 
the dot gain of a cyan ink printed over a magenta ink is usually of a value smaller than the dot gain of a 
cyan ink printed over a white background. 
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SUMMARY OF THE INVENTION 

It is therefore a first object o1 the present invention to provide a method of and a system for predicting a 
reproduced color image by displaying a color image corresponding to a color print easily and highly 
5 accurately on an Image monitor device such as a CRT or the like, while taking printing conditions into 
account. 

A second object of the present invention is to provide a method of and a system for predicting a 
reproduced color image while taking effects of a dot gain into account. 

To achieve the first object, there is provided in accordance with the present invention a system for 

70 predicting a reproduced color image in producing a color printed material from processed input color image 
data through a platemaking and printing process and outputting a color image corresponding to the color 
printed material, comprising printing condition profiles which represent printing conditions of the color 
printed material established as parameters, data conversion profiles which represent color space data 
conversion formulas established for converting the processed input color image data into data in a color 

75 space of an image monitor device using the parameters represented by the printing condition profiles, and 
converting means for converting the processed input coior Image data into the data in the color space of 
the image monitor device according to the color space data conversion formulas, the arrangement being 
such that a color image corresponding to the color printed material can be displayed from the data In the 
color space. 

20 In the above system for predicting a reproduced color image, color image data are converted into data 
in a color space of the image monitor device with color space data conversion formulas established with 
respect to the printing conditions, and then reproduced and outputted. By establishing various printing 
conditions as parameters in the printing condition profiles, selecting desired parameters from the printing 
condition profiles so as to correspond to the color space data conversion formulas, and effecting data 

25 conversion according to the color space data conversion formulas, it is possible to obtain a monitor image 
corresponding to the printing conditions. 

To achieve the second object, there is provided in accordance with the present invention a method of 
predicting a reproduced color image in generating area modulation data of respective color materials from 
processed input color image data and producing a color printed material based on the area modulation 

30 data, comprising the steps of correcting the area modulation data based on dot gain correcting coefficients 
established for respective color representing coordinates of an image with respect to the respective color 
materials of the color printed material, generating color image data of the color representing coordinates 
from the corrected area modulation data, and displaying a color image corresponding to the color printed 
material based on the color image data of the color representing coordinates. 

35 According to the present invention, there is also provided a system for predicting a reproduced color 
image In generating area modulation data of respective color materials from processed input color Image 
data, producing a color printed material based on the area modulation data, and displaying a color image 
corresponding to the color printed material, comprising printing condition profiles which represent printing 
conditions established as parameters, the printing conditions including dot gain correcting coefficients 

40 established for respective color representing coordinates of an image with respect to the respective color 
materials of the color printed material, corrective formula profiles which represent corrective formulas 
established for correcting the area modulation data based on the dot gain correcting coefficients, and 
conversion formula profiles which represent conversion formulas established for converting the corrected 
area modulation data into color image data corresponding to the respective color representing coordinates. 

45 the arrangement being such that color image data suitable for an image monitor device can be produced 
from the color image data corresponding to the respective color representing coordinates. 

In the above method and system for predicting a reproduced color image, area modulation data are 
corrected using dot gain correcting coefficients established for respective color representing coordinates of 
an image according to printing conditions, color image data corresponding to the color representing 

60 coordinates are converted from the corrected area modulation data, and a monitor image is produced from 
the converted color image data. In this manner, an image to be printed can be predicted highly accurately. 

The above and other objects, features, and advantages of the present invention will become apparent 
from the following description when taken In conjunction with the accompanying drawings which illustrate a 
preferred embodiment of the present Invention by way of example. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system for predicting a reproduced color image according to the present 
invention; 

5 FIG. 2 is a diagram of a device profile group in the system for predicting a reproduced color Image 
according to the present invention; 

FIG. 3 is a diagram showing a hierarchical structure of basic profiles and subprofiles of an output device 
profile group shown in FIG. 2; 

FIG. 4 Is a diagram showing condition profiles of a print/common color space conversion profile group 
70 shown in FIG. 2; 

FIG. 5 is a diagram showing a hierarchical structure of basic profiles and subprofiles of a gamut 
mapping/appearance conversion profile group shown in FIG. 2; 

FIG. 6 Is a diagram of condition profiles of the gamut mapping/appearance conversion profile group . 
shown in FIG. 2; and 

7S FIG. 7 is a flowchart of a processing sequence of the system for predicting a reproduced color image 
according io the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 As shown in FIG. 1. a system for predicting a reproduced color image according to the present 
invention generally comprises an image input unit 10 for reading color image data from a color original 
document or an external device, an image editor 12 for effecting image processing including an aesthetic 
process on the color image data thus read, an image output unit (image monitor device) 14A for displaying 
or outputting the processed color image data on a CRT, a color printer, or the like for predicting colors, an 

25 image output unit 148 for outputting the processed color image as a color printed material, an image 
processor 16 for converting the color image data into color image data that can be handled by the image 
output unit 14A. and a device profile generator 18 for generating a device profile group of device profiles 
which represent characteristics of the image output units 14A. 14B. and characteristics of a color 
reproduction process and color reproduction mediums including color materials, a support layer, phosphors, 

30 etc. 

The image input unit 10 has three or more sensors having different spectral sensitivities for reading the 
image densities of pixels of a color original document. For example, the image input unit 10 may comprise 
a drum-type scanner for reading the image densities of pixels of a color original document mounted on a 
drum in synchronism with rotation of the drum, or a flatbed scanner for reading the image densities of 
35 pixels of a color original document with either a line sensor composed of a single array or a plurality of 
arrays of photoelectric transducers or a two-dimensional sensor composed of a two-dimensional matrix of 
photoelectric transducers. 

The image editor 12 effects image processing including an aesthetic process on the color image data 
from the image input unit 10 to generate YMCK halftone dot percentage data supplied to the image output 
40 unit 14B. 

The image output unit 14B produces Y. M. C, K color separation films for generating presensitized 
plates to produce a printed material, based on the YMCK halftone dot percentage data supplied as color 
image data from the image editor 12, then generates presensitized plates from the Y. M. C. K color 
separation films, and produces a printed material from the presensitized plates. The image output unit 14A 

45 may comprise a CRT. a color printer, or the like for displaying or outputting a color image having the same 
color representation and Image quality as the printed material generated by the Image output unit 14B. 

The image processor 16 comprises a common color space LUT generator 20 tor generating a 
conversion table (hereinafter referred to as an "LUT") for converting the YMCK halftone dot percentage data 
supplied as color image data from the image editor 12 into color image data in a common color space, a 

50 gamut mapping (reproducible color range)/appearance LUT generator 22 for generating an LUT for 
compressing or converting a gamut mapping of the image input unit 10 in the common color space Into a 
gamut mapping in the image output unit 14A. and making appearance adjustments depending on the 
difference between observing conditions, a device color space (specific color space) LUT generator 24 for 
generating an LUT for converting the color image data In the common color space into color Image data in 

65 the device color space of the image output unit 14A, and an LUT combiner/converter 26 for generating a 
combined LUT composed of all or some of the LUTs generated by the common color space LUT generator 
20, the gamut mapping/appearance LUT generator 22. and the device color space LUT generator 24. 
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The common color space conversion table generated by the common color space LUT generator 20, 
the gamut mapping/appearance LUT generated by the gamut mapping/appearance LUT generator 22, the 
device color space LUT generated by the device color space LUT generator 24, and the combined LUT 
generated by the LUT combiner/converter 26 are stored respectively in data files 28, 30, 32. 34. The LUT 

5 combiner/converter 26 combines LUTs generated by the LUT generators 20, 22, 24. and converts color 
image data read by the image input unit 10 into color image data using the combined LUT and outputs the 
color image data to the image output unit 1 4A. 

The common color space is a color space composed of data not depending on the input and output 
units and the output medium, such as a CIE-XYZ colorimetric system, an L^a^b" colorimetric system, an 

10 YCC colorimetric system which can uniquely be converted mathematically to and from the CIE-XYZ 
colorimetric system or the L*a*b* colorimetric system, an YIQ colorimetric system, or an RGB colorimetric 
system representing the phosphors of a display monitor such as a CRT or the like. It is therefore possible 
to carry out desired image processing in the common color space without concern over the input and 
output units and the output medium. The device color space is a color space composed of particular data 

76 handled by the image input unit 10 and the image output units 14A, 14B. 

The device profile generator 18 has measuring units for measuring various physical characteristics as 
desired, establishes color space data conversion formulas, relationship formulas and parameters used in the 
data processing in the image processor 16 as a device profile group, and stores the device profile group in 
a data file 36. 

20 The device profile group is a collection of profiles representing, in a common data format, color 
reproduction processes in the image output devices 14A, 148. environmental conditions in which they are 
used, physical factors and characteristics of materials of a color original document and a recording medium, 
and formulas which couple these data. Basically, as shown in FIG. 2, the device profile group includes a 
printing/common color space conversion profile group for generating a common color space conversion 

25 table for converting YMCK halftone dot percentage data supplied from the image editor 12 into color image 
data in a common color space such as of a CIE-XYZ colorimetric system, an RGB colorimetric system, an 
L*a*b* colorimetric system, or the like while taking various printing conditions into account, a gamut 
mapping/appearance conversion profile group for generating a gamut mapping/appearance conversion table 
for converting the gamut mapping and appearance of the color image data in the common color space into 

30 a desired gamut mapping and appearance while taking into account the gamut mapping and appearance in 
the image output unit 14A. and an output device profile group for converting the color image data in the 
common color space into color image data in the device color space in the image output unit 14A. Each of 
the above profile groups includes basic profiles, subprofiles, and condition profiles. 

FIG. 3 shows, by way of example, the basic profiles (conversion formula profiles) and subprofiles 

36 (corrective formula profiles) of the printing/common color space conversion profile group which is defined in 
relation to the color reproduction process in the image output device 148. 

The basic profiles represent (1) a dot modulation process using the Neugebauer's equation, (2) a 
conversion process using a look-up table, and (3) another process, respectively, which can be selected one 
at a time. One of these basic profiles is selected depending on the color reproduction process in the image 

40 output device 14B, and established as a color space data conversion formula for conversion between the 
common color space and the device color space of the image output device 14B. 

The Neugebauer*s equation is a color-predicting basic function which defines the relationship between 
the XYZ and YMCK colorimetric systems in the CIE common color space, and is defined according to the 
equation (1 ) below. 

45 



50 



56 



5 



BNSDOCID: <EP ^ 0653e70A2J_> 



EP 0 653 879 A2 



10 



16 



X = X.c.(l-m,)-(l-y,)(l-k,) 
+ X„m,(l-cJ(l-yJ(l-kJ 
+ X,-y.(l-cJ(l-ni,).(l-kJ 
+ X^k,(l-c,)(l-m,)(l-y.) 
+ X,(l-k.)(l-cJ-(l-in,)(l-y.)J 



'first-order color term 



•ni„(l-yJ(l-kJl 
y„(l-nij(l-kj 

k„(l-mx)(l-yJ 

y^(i-cj(i-kj 
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+ X^-m^-k„.(l-0(l-yJ 
+ X^.(l-cJ (l-inJ-y^ k,, ^ 



cond-order color term 
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third-order color term 
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+ Xcniyk-Cxmyk-nixcylc-yxcink-kxcniy fourth-order color term 
y = Yc-cy (1-my) • (1-yy) • (1-ky) 
+ • • - 

Z = Zc'Cz- (1-mz) • (1-yz) • (l-5cz) 

+ - - . •••(!) 



where X. Y. Z represent tristimulus values in the XYZ colorimetric system, Xc. X„„ Xy, Xk, etc. represent 
XYZ stimulus values (single-color stimulus values) with respect to single-color inks of Y, M, C, and K, Xw, 

45 etc. represent tristimulus values of the support layer of the printed material, Xcm. Xcmy. Xcmyk. etc. represent 
XYZ stimulus values (higher-order color stimulus values) of an area where inks are superimposed, e.g., Xcm 
represents XYZ stimulus values of an area where inks of C and M are superimposed. Cx, mx, yx. kx, etc. 
represent dot % values of inks of C. M. Y, K at the time they are observed with color light corresponding to 
color matching functions x(X), and Cxm. Cxmy. Cxmyk. etc. represent dot % values o1 an ink of C at the time it 

50 is observed with color light corresponding to the color matching functions x(X). e.g.. Cxmy represents a dot 
% value for making a correction with respect to the presence of the inks of M and Y (higher-order color dot 
gain correction). Since the XYZ colorimetric system has a one-to-one correspondence to the L*a*b* 
colorimetric system or the RGB colorimetric system, the Neugebauer's equation can also be defined as an 
equation indicative of the relationship between the L*aV colorimetric system and the YMCK colorimetric 

55 system. 

Depending on the selected basic profile, there is established a subprofile in which set values can be 
selected according to predetermined relationship equations or output conditions. For example, if (1) the dot 
modulation process using the Neugebauer's equation is selected as the basic profile, then its variables are 
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classified into (11) a dot gain conversion formula (Cx. nrix. Cxm. Cxmy. etc.). (12) single-color stinnulus values 
(Xc, Xm, Xy, Xk. etc.). and (13) higher-order color stimulus values (Xcm. Xcmy. Xcmyk, etc.). and subprofiles are 
established for each of these sets of values. For the dot gain conversion formula, it is possible to select a 
desired subprofile from (21) a single conversion formula. (22) an XYZ independent conversion formula, and 

6 (23) another formula. For the single-color stimulus values, it Is possible to select a desired subprofile from 
(31) a single-color stimulus value table, (32) a theoretical formula, and (33) another formula. For the higher- 
order color stimulus values, it is possible to select a desired subprofile from (41) a higher-order color 
stimulus value table, (42) a theoretical formula, and (43) another formula. The single conversion formula 
represents a process for representing and processing cx. cy. cz. etc. with one value Cn independent of X, Y, 

10 Z in the equation (1) above, and the XYZ independent conversion formula represents a process for 
establishing and processing Cx, Cy, Cz, etc. independently for each of X, Y, Z. 

Depending on each of the above subprofiles, there is established a subprofile in which another 
relationship equation can be established. For example, with respect to the subprofile of the single 
conversion formula, a desired subprofile can be selected from (51) a perimeter conversion formula, (52) a 

76 quadratic equation conversion formula, and (53) another formula. With respect to the subprofile of the XYZ 
indcpsndent conversion formula, a desired subprouie can be selected from (61) a first-order color dot gain 
conversion formula, (62) a higher-order color dot gain conversion formula, and (63) another formula. 

The perimeter conversion formula which can be selected with respect to the subprofile of the single 
conversion formula Is a formula for calculating dot % values Cx, Cy, Cz, etc. (= c„, etc.) in the case where 

20 the dot gain is considered to be proportional to the perimeter of formed dots and produce a quasi- 
absorptlon range in a certain region outside of a region where ink is attached. The perimeter conversion 
formula is defined by: 

25 c„ = c + Op-o^. L-/c/1500 (0<c<50) 

= c + Op-o^-L-VlOO - c/1500 (50^c<100) (2) 

30 where ap, are gain coefficients, and L the screen ruling. The gain coefficient ap is a parameter 

depending on the paper on which the color image is to be printed, and the gain coefficient am Is a 

parameter depending on the printing press and the ink. 

The quadratic equation conversion formula Is a quadratic equation that approximates features by which 

the dot gain is of a maximum value if the dot % is about 50 % and 0 if the dot % is 0 and 100 %, and 
35 calculates the dot % values. Cn on the printed material in view of the exposure, development, printing, and 

optical dispersion effect of the presensltlzed plates, as follows: 

Cn = c + g - g/250»(c - 50)^ (3), and g = gi + g2 + ga + g* + gs (4) 

40 where Qi is a gain coefficient as a dot gain correcting coefficient which is a parameter depending on the 
printing press, gs is a gain coefficient which is a parameter depending on the ink. gs is a gain coefficient 
which is a parameter depending on the paper of the support layer of the printed material, g4 Is a gain 
coefficient which is a parameter depending on the screen ruling, and gs is a gain coefficient which is a 
parameter depending on the dot shape. 

45 The first-order dot gain conversion formula which can be selected with respect to the XYZ independent 
conversion formula sets the gain coefficient ap In the equation (2) to apx, apv, Opz independently for the 
respective stimulus values of X, Y, Z and also sets the dot % value Cx.for example, as: 

Cx - c -I- a x-a„-L-/c7l500 (0<c<50) 

50 

= c + apx-a„-L-V100 - c/1500 (50<c<100) 

...(5) 

56 

with respect to the perimeter conversion formula, and sets the dot % value Cx as: 
Cx = c + g-g/250-(c-50)2 (6) 

7 
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based on the equation (3) with respect to the quadratic equation conversion formula. The applicant has 
found out that the dot gain of the printed material differs depending on the wavelength of the illuminating 
light used when it is measured, and hence differs with respect to each of the tristimulus values X, Y, Z. 
5 The higher-order color dot gain conversion formula sets the dot % value Cxy, tor example, as: 

Cxy = Cx- acXy*yx^ + bcXy*yx (7) 

where acxy. bcxy are higher-order color dot gain correction parameters, with respect to the dot % values of 

10 the secondand higher-order color term in the equation (1). It has experimentally been confirmed that the dot 
gain of ink of C in the presence of ink of Y and the dot gain of ink of C on ink-free paper are different from 
each other. This is because if the ink exists, then it varies the dispersion characteristics of light or it causes 
auxiliary absorption. Usually, as the dot % of other ink increases, the dot gain decreases. The decrease is 
approximated by a quadratic equation. 

76 FIG. 4 shows printing output condition profiles of the printing/common color space conversion profile 

group shown in FiG. 2. The printing output condition profiles represent output conditions used for 
generating a printed material. The printing output condition profiles are composed of a support layer profile 
for defining parameters (crp, opx, crpy, opz. ga, acxy, bcxy. etc.) relative to the paper of the support layer of the 
printed material, a screen ruling/dot shape profile for defining parameters (L. g*. etc.) relatively to the 

20 screen ruling and the dot shape, an ink profile for defining parameters (g2. a^. a single-color stimulus value 
table, a higher-order color stimulus value table, theoretical formula parameters, etc.) relatively to the 
characteristics of inks used in the printing, a black printer quantity profile for defining parameters (p. k, etc.) 
relative to a black printer quantity (described later on), a look-up table to be referred to when the look-up 
table formula is selected from the basic profiles shown in FIG. 3, a standard profile for defining average 

25 parameters with respect to parameters not defined in the above profiles, and other profiles (including those 
relative to the printing press). 

Similarly, as shown in FIG. 5. the gamut mapping/appearance conversion profile group Is composed of 
basic profiles representing (71) an LMN conversion process based on a combination of nonlinear conversion 
and 3x3 matrix conversion and (72) another process, one of which can be selected at a time, and 

30 subprofiles representing (81) an LMN conversion matrix, (82) a nonlinear conversion table, and (83) another 
table, one of which can be selected at a time with respect to the LMN conversion process. Variables relative 
to (91) an input range, (92) an output range, (93) a white point, and (94) a black point are established with 
respect to the nonlinear conversion table, using the parameters of the condition profiles of the print- 
ing/common color space conversion profile group, the gamut mapping/appearance conversion profile group, 

35 and the output device profile group (see "Reference Manual for Postscript", 2nd edition, published by ASCII 
Publishing Department). 

If the Image output unit 14A is a color printer, then observing conditions of the gamut map- 
ping/appearance conversion profile group are arranged as shown in FIG. 6. The observing conditions 
Include parameters relative to an observing light source, and other parameters. 

40 Data processing operation of the system for predicting a reproduced color image according to the 
present invention will be described below with reference to FIG. 7. 

First, the operator determines system configurations including the image output unit 14B, the type of an 
original document on which a color image is recorded, an output medium, the type of inks used for 
recording a color Image, and an output format, etc. In a step 31 . 

45 After the image output unit 14B and other types are determined, the device profiles shown in FIGS. 3 
through 6 are established using the device profile generator 18 in a step 32. These device profiles may be 
determined In advance depending on given devices before the system configurations of the reproduced 
color image predicting system are determined. 

After the system configurations and the device profiles are determined, a common color space 

50 conversion table for converting YMCK halftone dot percentage data from the image editor 12 into data in a 
common color space is generated in the common color space converter 20 in a step S3. At this time, the 
selection of basic profiles and subprofiles depends on whether the parameters relative to these profiles are 
prepared in the condition profiles and whether these profiles are profiles which can cope with a requested 
processing speed. Therefore, not all the profiles are freely selected by the operator, but some of them are 

55 limited by prepared profiles. If no desired profiles have been established, then default values are selected. 

The common color space LUT generator 20 of the image processor 16 successively selects a desired 
color reproduction process, etc.. from the printing/common color space conversion profile group shown in 
FIGS. 3 and 4, and generates a common color space conversion table corresponding to the image output 
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unit 14B for producing a printed material based on the selected color reproduction process, etc. in the step 
S3. 

To obtain a desired printed material from the image output unit 14B, a color reproduction process of the 
image output unit 14B is specified, and a basic formula depending on a desired accuracy and processing 
5 speed is selected. 

If the image output unit 14B is of the dot modulation output type, then the Neugebauer's equation which 
defines the relationship between the XYZ colorimetric system and the YMCK colorimetric system in the CIE 
common color space is selected as a color-predicting basic function from the basic profiles shown in FIG. 3. 
The Neugebauer's equation according to the equation (1) has variables classified into (1) the dot. gain 
70. conversion formula (cx, mx. Cxm. Cxmy» etc), (2) the single-color stimulus values (Xc, X,„, Xy. Xk. etc.), and (3) 
the higher-order color stimulus values (Xcm. Xcmy, Xcmyk. etc.), and desired subprofiles are selected for each 
of these sets of variables. 

If the single conversion formula and the perimeter conversion formula are selected from the subprofiles 
with respect to the dot gain conversion formula, then the Cx, mx, Cxm. Cxmy. etc. are replaced by the 

75 corrective formula according to the equation (2), and the parameters ofp, a^, L thereof are given by the 
support layer profile and the ink profile of the printing output condition profiles shown in FIG. 4. The 
parameter op Is a variable depending on the paper on which a color image is to be printed. Typically, the 
parameter op is set to 13 for art paper, 16 for coat paper, and 20 for wood-free paper. The parameter is 
a variable depending on the inks, and is set to 1 for average offset printing, and 1 or less when inks or 

20 printing conditions with a low dot gain are selected. 

If the quadratic equation conversion formula Is selected from the subprofiles with respect to the single 
conversion formula, then the Cx. mx, Cxm, Cxmy. etc. are replaced by the corrective formulas according to the 
equations (3) and (4), and the gains coefficients gi - qs as their parameters are given by the support layer 
profile, the screen ruling/dot shape profile, and the ink profile of the printing output condition profiles shown 

26 in FIG. 4. 

The single conversion formula is employed for approximation when a common dot % value is used with 
respect to the X. Y. Z stimulus values. If different dot % values are used to correspond to the respective 
stimulus values X, Y. 2. then the accuracy of tristimulus values X, Y. Z that are obtained can further be 
increased. 

30 As described above, the single conversion formula is employed when a common dot % value is used 
with respect to the X, Y, Z stimulus values. If different dot % values are used to correspond to the 
respective X, Y, Z stimulus values for increased accuracy, then the XYZ independent conversion formula Is 
selected from the subprofiles with respect to the dot gain conversion formula. At this time, the Cx. mx, etc. 
are replaced by the corrective formulas according to the equation (5) or (6), and the Cxm. Cxmy. etc. are 

35 replaced by the corrective formula according to the equation (7). The parameters apx, opv, opz. om, L, acxy, 
bxxy, the gain coefficients gi - gs are given by the support layer profile, the screen ruling/dot shape profile, 
and the ink profile of the printing output condition profiles shown in FIG. 4. Since different dot gain 
corrective quantities are taken into account with respect to the X, Y, Z stimulus values, it is possible to 
obtain tristimulus values X, Y. Z which correspond very well to outputted YMCK halftone dot percentage 

40 data. 

If the single-color stimulus value table and the higher-order color stimulus value table are selected with 
respect to the single-color stimulus values and the higher-order color stimulus values, then tables relative to 
a given ink set and a given support layer are selected from the ink profile. If data of an ink set used in the 
printing output condition profile are not registered, then default values are selected from the standard 
45 profile. 

As described above, the parameters of the Neugebauer's equation according to the equation (1) are 
determined, and tristimulus values X, Y. Z are determined from the outputted dot % values using this 
conversion formula. 

The gamut mapping/appearance LUT generator 22 of the image processor 16 successively selects a 
50 desired color reproduction process, etc. from the gamut mapping/appearance conversion profile group 
shown in FIGS. 5 and 6, and equalizes the gamut mapping of the image output unit 148 in the common 
color space with the gamut mapping of the image output unit 14A In the common color space based on the 
selected color reproduction process, etc., and generates a gamut mapping/appearance conversion table for 
equalizing appearances corresponding to the visual adaptation In a step S4. In the generation of the gamut 
65 mapping/appearance conversion table, parameters corresponding to the observing light source are given 
from the observing condition profiles shown in FIG. 6 if the image output unit 14A is a color printer. 

The gamut mapping/appearance conversion table is generated according to the selected process as 
follows: For example, the LMN conversion formula suitable for the observing conditions with respect to the 
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printed material and the type of the color image data is selected from the basic profiles, and the nonlinear 
conversion table Is selected from the subproflles for conversion from the CIE-XYZ colorimetric system into 
the LMN colorimetric system. The nonlinear conversion table is corrected with respect to the gamut 
mapping (the input range, the output range, etc.) and differences between observing conditions/color 

5 temperatures, and a conversion from the LMN colorimetric system into an L'M*N* colorimetric system is 
carried out. Finally, an inverse conversion from the L*M*N* colorimetric system into the XYZ colorimetric 
system is effected. A conversion table for conversion between the CIE colorimetric systems is stored as a 
gamut mapping/appearance conversion table in the data file 30. 

Then, the device color space LUT generator 24 of the image processor 16 generates a device color 

10 space conversion table for converting color image data in the common color space into color image data in 
the device color space of the image output unit 14A, and stores the generated device color space 
conversion table in the data file 32 in a step S5. A known process using a look-up table is available for the 
conversion from color image data in the XYZ colorimetric system into color image data in the colorimetric 
system of a color printer or a CRT. For example, such a process Is disclosed in "Printing CIELab imaging 

76 on CMYK printing". SPIE Vol. 1670 P316 (1992). If a plurality of output units including a color printer, a 
CRT, etc., are available, then it Is possible to switch between a plurality of look-up tables. 

The common color space LUT. the gamut mapping/appearance LUT, and the device color space LUT 
which have thus been generated are combined by the LUT combiner/converter 26, or stored as individual 
LUTs In the data file 34 In a step SB. 

20 After the above preparatory process has been completed, the operator operates the Image Input unit 10 
to read color image data of a color original document in a step S7. The image input unit 10 supplies the 
color image data as RGB data, for example, to the image editor 12, which effects desired image processing 
on the RGB data, and supplies the processed RGB data as YMCK halftone dot percentage data to the 
image processor 16 and the image output unit 148 in a step S8. 

25 The image processor 16 converts the YMCK halftone dot percentage data supplied from the image 
editor 12 with the conversion table that has been established with respect to the image output unit 14A or 
14B. The LUT combiner/converter 26 converts the YMCK halftone dot percentage data based on the 
common color space LUT. the gamut mapping/appearance LUT, and the device color space LUT, and 
stores the converted Image data to the Image output unit 14A in a step S9. Specifically, in the image 
' 30 processor 16. the YMCK halftone dot percentage data are converted into tristimulus values X. Y. Z In the 
common color space with the common color space LUT which defines the Neugebauer's equation (1) taking 
printing conditions Into account, and thereafter the gamut mapping and appearances of the image output 
units 14A, 14B are adjusted with the gamut mapping/appearance LUT. Then, the tristimulus values X, Y, Z 
are converted into color image data corresponding to the image output unit 14A with the device color space 

35 LUT. The color image data are then outputted as a hard copy or displayed on the CRT In a step SIC. 

The operator confirms the outputted/displayed color image In a step S11. If the operator sees no 
problem with respect to colors, etc., then the operator operates the image output unit 14B to produce a 
printed material in a step Si 2. If there Is a problem, then the color image data are processed again in the 
Image editor 12, and produced YMCK halftone dot percentage data are monitored by the reproduced color 

40 image predicting system repeatedly in the step S11. 

In the above embodiment, as described above. YMCK halftone dot percentage data that are corrected 
taking into account a dot gain In a printed material are determined from YMCK halftone dot percentage data 
supplied to the image output unit 14B, and the corrected YMCK halftone dot percentage data are converted 
into tristimulus values X. Y. Z. from which color Image data to be displayed or outputted by the Image 

45 output unit 14A are obtained. In taking the dot gain Into account, since the dot gain differs depending on the 
wavelength of illuminating light used for measurement, the YMCK halftone dot percentage data are 
corrected independently with respect to the tristimulus values X, Y, Z. Consequently, there are obtained 
tristimulus values X. Y. Z which are highly close to the conditions of the printed material. As a result, the 
predicted image produced by the image output unit 14A and the printed image produced by the image 

60 output unit 14B match each other very well. The operator can thus evaluate and confirm a reproduced color 
image highly accurately on a hard copy, a CRT. or the like before a printed material is finally produced. 

Inasmuch as conversion formulas, corrective formulas, and parameters can be added or modified as 
desired with respect to the basic profiles, the subprofiles. and the condition profiles, the reproduced color 
Image predicting system according to the present invention finds a range of applications which can easily 

55 be expanded, and can reproduce color Images with increased accuracy. 

Although a certain preferred embodiment of the present invention has been shown and described in 
detail, it should be understood that various changes and modifications may be made therein without 
departing from the scope of the appended claims. 
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Claims 

1. A system for predicting a reproduced color image in producing a color printed material from processed 
input color image data through a piatemaking and printing process and outputling a color image 
corresponding to the color printed material, comprising: 

printing condition profiles which represent printing conditions of the color printed material estab- 
lished as parameters; 

data conversion profiles which represent color space data conversion formulas established for 
converting the processed input color image data into data in a color space of an image monitor device 
using the parameters represented by said printing condition profiles; and 

converting means for converting the processed input color image data into the data in the color 
space of the image monitor device according to said color space data conversion formulas; 

the arrangement being such that a color image corresponding to the color printed material can be 
displayed from the data in the color space. 

2. A system according to claim l, wherein said color space data conversion formulas comprise: 

at least one first color space data conversion formula for converting the processed input color 
image data into data in a common color space using parameters represented by said printing condition 

profiles; and 

at least one second color space data conversion formula for converting the data in the common 
color space into data in a device color space of the image monitor device. 

3. A system according to claim 2. wherein the processed input color image data comprise data 
corresponding to an area ratio of an output image, and the data in the common color space comprise 
tristimulus values of a CIE colorimetric system, and wherein said first color space data conversion 
formula comprises a Neugebauer's equation for converting the data corresponding to the area ratio into 
the data in the common color space. 

4. A system according to claim 1 , wherein said data conversion profiles comprise: 

basic profiles representing at least one color space data conversion formula for converting the 
processed input color image data into the data in the color space; and 

subprofiles representing selectable formulas and/or parameters corresponding to variables of said 
color space data conversion formula. 

5. A method of predicting a reproduced color image in generating area modulation data of respective 
color materials from processed input color image data and producing a color printed material based on 
the area modulation data, comprising the steps of: 

correcting* the area modulation data based on dot gain correcting coefficients established for 
respective color representing coordinates of an image with respect to the respective color materials of 
the color printed material; 

generating color image data of the color representing coordinates from the corrected area 

modulation data; and 

displaying a color image corresponding to the color printed material based on the color image data 
of the color representing coordinates. 

6. A method according to claim 5, wherein the color representing coordinates comprise tristimulus values 
X, Y. Z in a CIE-XYZ colorimetric system. 

7. A method according to claim 5. wherein the color representing coordinates comprise tristimulus values 
B. G. R in a BGR colorimetric system. 

8. A method according to claim 5, wherein the dot gain correcting coefficients include corrective terms 
depending on area modulation data of a color material other than the color materials. 

9. A system for predicting a reproduced color image in generating area modulation data of respective 
color materials from processed input color image data, producing a color printed material based on the 
area modulation data, and displaying a color image corresponding to the color printed material, 
comprising: 
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printing condition profiles which represent printing conditions established as parameters, the 
printing conditions including dot gain correcting coefficients established for respective color represent- 
ing coordinates of an image with respect to the respective color materials of the color printed material; 

corrective formula profiles which represent corrective formulas established for correcting the area 
modulation data based on the dot gain correcting coefficients; and 

conversion formula profiles which represent conversion formulas established for converting the 
corrected area modulation data into color image data corresponding to the respective color represent- 
ing coordinates; 

the arrangement being such that color image data suitable for an image monitor device can be 
produced from the color image data corresponding to the respective color representing coordinates. 
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(57) YMCK halftone dot percentage date from an 
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Space of an Image output unit 1 4 A with a device color 
space conversion table generated by a device color 
space conversion table generator 24 for thereby predict- 
ing a color image which will be reproduced by the image 
output unit 1 4B. Alternatively, the YMCK halftone dot per- 
centage data from the image editor 1 2 may be corrected 
using dot gain correcting coefficients established 
respectively for tristimulus values X. Y, 2. and then con- 
verted into color image data in the XYZ color space with 
a common color space conversion table. 
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